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PROBLEM TO BE SOLVED: To simplify a manufacturing 
process of a micro fluid device. 

SOLUTION: A one-way micro valve device or a three- 
way micro valve device A is formed by one or plural 
one-way micro valve units 3. A figure shows an example 
of the three-way micro valve device, where working fluid 
passages are respectively formed from input ports Inl 
and In2 and an output port Out, and Joined at a center of 
a chip. Each passage has the one-way micro valve unit 
3. The one-way micro valve unit 3 is normally closed by 
the contact of a membrane and a valve seat. The 
external driving air negative pressure is supplied through 
control ports 01, 02 and 03, whereby the membrane is 
displaced in the direction to open the one-way micro 
valve unit 3. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Micro bulb equipment characterized by constituting by the piece or two or more one- 
way valve micro bulb units. 

[Claim 2] Have said two or more one-way valve micro bulb units, and it has the valve system to 
which the membrane displaced in a bulb field for said every one-way valve micro bulb unit 
carries out arrival to a valve seat, and opens and closes an actuation fluid channel. And said 
membrane which reached with the drive fluid-control— device chip with two or more control ports 
and the actuation fluid-control-device chip with two or more access ports, and was inserted into 
said both components chip collaborates, and said two or more one-way valve micro bulb units 
are constituted. Paste said membrane and said drive fluid-control-device chip forms two or more 
drive fluid channels which have the pressure room which is one on which it is open for free 
passage with one control port, and the pressure of a drive fluid acts in one bulb field. Paste said 
membrane and said actuation fluid-control-device chip forms two or more actuation fluid 
channels which are open for free passage to one access port, and pass along said bulb field. Said 
two or more actuation fluid channels are mutually open for free passage, and said pressure room 
and said actuation fluid channel adjoin on both sides of said membrane in said bulb field. Micro 
bulb equipment according to claim 1 which is made to carry out the variation rate of said 
membrane, is made to carry out ** arrival to said valve seat, and is characterized by constituting 
the method valve of plurality as said one-way valve micro bulb unit was opened and closed by 
carrying out the feeding and discarding of the pressure of said drive fluid to said pressure room. 
[Claim 3] It is one-way valve micro bulb equipment which has the one-way valve micro bulb unit 
which has said one-way valve micro bulb unit of a piece, and has the valve system to which the 
membrane displaced in a bulb field carries out ^ arrival to a valve seat, and opens and closes an 
actuation fluid channel. It has said membrane which reached with the drive fluid-controHdevice 
chip with one control port, and the actuation fluid-control-device chip with two access ports^ 
and was inserted into said both components chip. Carry out [ aforementioned ] adhesion and 
said drive fluid-control-device chip forms in said membrane the drive fluid channel which has the 
pressure room where it is open for free passage with a control port, and the pressure of a drive 
fluid acts in said bulb field. Said actuation fluid-control-device chip pastes up and forms in said 
membrane the actuation fluid channel which is open for free passage to an access port, and 
passes along said bulb field. In said bulb field, said pressure room and said actuation fluid channel 
adjoin on both sides of said membrane. Micro bulb equipment according to claim 1 which is made 
to carry out the variation rate of said membrane, is made to carry out ** arrival to said valve 
seat, and is characterized by constituting an one-way valve as said one-way valve micro bulb 
unit was opened and closed by carrying out the feeding and discarding of the pressure of said 
drive fluid to said pressure room. 

[Claim 4] It is micro bulb equipment according to claim 2 or 3 characterized by having pasted up 
irreversibly said drive fluid-control-device chip and said membrane, and having pasted up 
reversibly said actuation fluid-control-device chip and said membrane. 

[Claim 5] Said drive fluid-control-device chip, said actuation fluid-control-device chip, and said 
membrane are micro bulb equipment according to claim 2 or 3 characterized by being 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the micro bulb equipment which applied and 
manufactured semi-conductor ultra-fine processing technology, and its production process. This 
micro bulb equipment is applicable to chemical analyses, such as a gene analysis, and 
composition. 
[0002] 

[Description of the Prior Art] A micro fluid device like [ recently ] micro bulb equipment has 
attracted attention. It is remarkable especially in the chemical technique containing a micro 
chemical-analysis system (muTAS) (biotechnology). In a typical design, the detailed fluid channel 
(passage) is formed in micro bulb equipment, and a movable membrane carries out disjunction, 
and it is opened and closed by the valve seat prepared in the middle of this fluid channel. There 
are various things in the approach of a drive of a membrane. 

[0003] The point of a micro bulb unit design is in the ingredient of a membrane. Big bending of a 
membrane to the extent that it is equal to the dimension of passage is required for ** arrival 
with a valve seat, i.e., fluid switching. In many cases, the bending is dozens of microns. Switching 
is indispensable on a biochemical technique. 

[0004] Since Young's modulus's being low and a seal property are excellent, silicone rubber is 
regarded as one of the main ingredients of a micro bulb unit membrane. As a micro bulb unit of a 
type which drives the membrane of silicone rubber with pneumatic pressure ** [1] Ohori T and 
Shioji S and Miura K and Yotumoto A 1997 Three-way microvalvefor blood flow contori in 
medical micro total analysis systems proc (muTAS) IEEE Micro Electro Mechanical Systems and 
Nagoya 333-7, [2] Bousse L and Dijkstra E and Guenat O 1 996 High-density arrays of valves 
and There are interconnects for liquid switching Proc.Solid-State Sensor and Actuator Workshop 
and Hilton Head 272-5. 
[0005] 

[The technical problem which should be solved] On the other hand, silicone rubber also has the 
dot that the drive approach has constraint. As the drive approach, only the two approaches of a 
pneumatic pressure method and a heat pneumatic pressure method are reported until now. 
However, these two approaches pose a problem, when manufacturing the high density array of a 
micro bulb unit. In the case of a heat pneumatic system, heat insulation with the adjoining bulb in 
a high density array is difficult. In the case of a pneumatic system, the micro passage for 
introducing pneumatic pressure into a membrane is required, but this already means further that 
the layer of the micro passage of the air for a drive other than the micro passage layer of the 
fluid switched is too many needed. However, a complicated manufacture process is needed for 
manufacture of the member of such multilayer micro passage. 

[0006] The cross valve of a pneumatic system or the four^way-valve micro bulb unit is reported. 
They consist of 3 of the independent one-way valve bulb unit, or four pieces. However, they are 
not equipped with air micro passage. Therefore, spacing between bulb units will be restrained by 
the magnitude of the air connector which is not manufactured by micro processing. By these 
systems, when spacing becomes larger than 2.5mm and this has been arranged in the shape of a 
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one control port, and the actuation fluid-control-device chip with two access ports, and was 
inserted into said both components chip. Carry out [ aforementioned ] adhesion and said drive 
fluid-control-device chip forms in said membrane the drive fluid channel which has the pressure 
room where it is open for free passage with a control port, and the pressure of a drive fluid acts 
in said bulb field. Said actuation fluid-control-device chip pastes up and forms in said membrane 
the actuation fluid channel which is open for free passage to an access port, and passes along 
said bulb field. In said bulb field, said pressure room and said actuation fluid channel adjoin on 
both sides of said membrane. By carrying out the feeding and discarding of the pressure of said 
drive fluid to said pressure room, the variation rate of said membrane is carried out, ** arrival is 
carried out to said valve seat, and it is characterized by constituting an one-way valve, as said 
one-way valve micro bulb unit was opened and closed. Moreover, the manufacture approach of 
the micro bulb equipment this invention It is micro bulb equipment which has the piece which has 
the valve system to which the membrane displaced in a bulb field carries out ^ arrival to a valve 
seat, and opens and closes an actuation fluid channel, or two or more one-way valve micro 
bulbs. It has said membrane which said one-way valve micro bulb unit reached with the drive 
fluid-control-device chip with a control port, and the actuation fluid-control-device chip with an 
access port, and was inserted into said both components chip. Said drive fluid-control-device 
chip pastes up and forms in said membrane the drive fluid channel which has the pressure room 
where it is open for free passage with a control port, and the pressure of a drive fluid acts in 
said bulb field. Carry out [ aforementioned ] adhesion and said actuation fluid-control-device 
chip forms in said membrane the actuation fluid channel which is open for free passage to an 
access port, and passes along said bulb field. In said bulb field, said pressure room and said 
actuation fluid channel adjoin on both sides of said membrane. It is the manufacture approach of 
the micro bulb equipment constituted so that the variation rate of said membrane might be 
carried out, ** arrival might be carried out to said valve seat and said one-way valve micro bulb 
unit might be opened and closed by carrying out the feeding and discarding of the pressure of 
said drive fluid to said pressure room. Apply a photoresist to a substrate and the pattern of said 
pressure room or said workingHluid passage is exposed. Develop negatives, form a reverse . 
pattern on said substrate, then, supply the ingredient resin of a drive fluid-control-device chip or 
an actuation fluid-control-device chip on said substrate, and said reverse pattern is imprinted. 
Exfoliate ingredient resin from a substrate after that, obtain a drive fluid control device and an 
actuation fluid-control-device chip in this way, and, on the other hand, the ingredient resin of a 
membrane is supplied on other substrates. Paste up irreversibly the near field in which a 
membrane is formed on a substrate and then said pressure room of a drive fluid-control-device 
chip is formed on the front face of said membrane of said bulb field, and said membrane is made 
to exfoliate from said substrate. Next, it is characterized by pasting up reversibly the near field 
in which said actuation fluid channel of an actuation fluid-control-device chip is formed on the 
rear face of said membrane. 
[0013] 

[Example] The detail of this invention is explained above about the drawing in which an example 
is shown. In drawing 1 , 1 is cross valve micro bulb equipment as an example of method valve of 
plurality micro bulb equipment. 

[0014] This cross valve micro bulb equipment 1 has one piece or two or more cross valve micro 
bulbs 2, and the cross valve micro bulb 2 of this invention has two or more one-way valve micro 
bulb units 3. That is, the one-way valve micro bulb unit 3 is a bulb unit of the cross valve micro 
bulb 2 thru/or cross valve micro bulb equipment 1. The one-way valve micro bulb unit 3 of this 
invention can also constitute the one-way valve micro bulb equipment of this invention which 
has the passage of only an one direction independently while being the component of cross valve 
micro bulb equipment 1 as mentioned above. The example shown below explains cross valve 
micro bulb equipment 1 as instantiation as method valve of plurality micro bulb equipment 1, and 
explains the cross valve micro bulb 2 as instantiation as a method valve of plurality micro bulb 
unit. 

[0015] Dr awin g 1 shows the cross valve micro bulb equipment 1 which has the cross valve micro 
bulb 2 with three independent one-way valve micro bulb units 3. Cross valve micro bulb 
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membrane 7 of 25~micrometer thickness was obtained as the result In order to realize 
irreversible adhesion between the drive fluid-control-device chip 6 and a membrane 7, both frbnt 
faces are processed with the sloMttMc* plasma by the following conditions in a RIB machine for 1 
hour. Oxygen gas flow rate lOOsccm, pressure 300mTorr, and power 200W. 

[0021] Immediately after taking out from a plasma chamber, two front faces are contacted and it 
bums at 1 00 degrees C in oven for 2 hours ( draw ing 4 D). Since two members were pasted up 
irreversibly, they can exfoliate from a substrate, keeping the configuration of a membrane 7 
together ( drawing 4 E). Finally, all members are assembled. The actuation fluid-control-device 
chip 5 will be manufactured by the same approach as the drive fluid-control-device chip 6, if the 
point that the thickness of SU-8 photoresist is 25 micrometers is removed. Reversible adhesion 
of the actuation fluid-control-device chip 5 is carried out only by making the front face of the 
synthetic body of the drive fluid-control-device chip 6 and a membrane 7 contact. 
[0022] Since PDMS is transparent, alignment can be performed using a video microscope (the 
product made from VH-6300;KEYE, Japan), and the handmade instrument using an X-Y-Z stage. 
Six glass pipes are inserted in an access hole, and PDMS is pasted ( drawing 4 F). 
[0023] 

[Experiment] It experimented about the flowing characteristic of the method valve of plurality 
micro bulb equipment 1 constituted as explained above. 

[0024] The flow characteristics of an experimental device and the cross valve micro bulb 
equipment to the experiment approach water were evaluated using the equipment shown in 
drawin g 5 . In drawin g 5 , the silicone tube filled up with the (a) vacuum pump, a vacuum (b, c) 
regulator, a manual (d-g) cross valve, (n) water prehension trap, a (i) cross valve micro bulb, and 
pure water 0. k) is shown. 

[0025] Negative pressure is used, in order to suck in water and to control a bulb membrane- 
Negative pressure was supplied by the vacuum pump (DA-5 D;ULVAC vacuum machine ** Co., 
Japan), and was separately adjusted independently using two vacuum regulators (VR200-G; the 
product made from KOGANEI, Japan) for control of absorption of water and a bulb. The change 
of the pressure between the vacuum-atmospheric pressure in a port is performed by using four 
cross valves. The pressure in each port is displayed by PXX (port name). The water pumped up 
from the exit port is once filled in a bottle, in order to avoid absorption by the regulator. An 
inlet-port port is connected to the silicone tube (die length of 1m, bore of 1mm) which filled pure 
water. The other end of a tube is wide opened by atmospheric pressure. Under [ all / 
pressures / PInl and PIn2 / atmospheric pressure / a difference with a height / between 
equipment and the tube put on a desk / of several cm is disregarded and ]. In order to calculate 
the volumetric flow rates q1 and q2 of Inl and In2, the passing speed of the water in a tube was 
measured. 

[0026] In experimental result and examination drayying 6 A, the flow rate q1 is plotted to the 
control pressure PCI and PC3 which changes by 0-70KPa. (A) The closing motion behavior of 
fluid root In1-0ut and the fluid root of In2-Out are closed. (B) The fluid root shows the flow rate 
to the suction pressure in an open condition. Fluid root In2-Out of another side is closed. (C) 
The flow rate to a suction pressure in case both fluid roots are in an open condition is shown. 
[0027] The pressures [ PC and POUT ] 2 are kept constant as shown in drawing. This curve 
shows the behavior of closing motion of fluid root Inl -Out when fluid root In2-0ut has closed. 
Line formation is hardly seen by this curve. If it puts in another way, the equipment which 
consists of two bulb units controlled by CI and C3 will function as one On-Off bulb. 
[0028] Since it can be considered that three bulb units are equivalence, they have the same 
property as the On-Off property which also shows the combination of C2-C3 and 01 -C2 in 
drawing 6 A. It is thought that the hysteresis between open pressure and a closing pressure is 
caused by sticking between a membrane and a valve seat (adhesion). The leakage by the closed 
state is not detected. 

[0029] In drawing 6 B, the flow rate [ as opposed to the suction pressure of 0-30KP in pressure 
variation ] q1 is plotted. Control pressure is [Equation 1]. 

It is held uniformly [ PC1=PC3=-60KPa and PC2=0KPa ]. This pressure makes fluid passage Inl- 
Out "open", and makes fluid passage In2-Out "close." As shown in drawin g 6 B, a flow rate is 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The explanatory view showing the cross valve micro bulb equipment which consists 
of three one-way valve units. 

[Drawing 2] The A section enlarged drawing in drayving 1 A. 
[Drawing 3] The B-B section sectional view in djrawjng 2 . 

[ Draw ing 4] The explanatory view showing the manufacture process of a Mikata micro bulb unit. 
[Drawing 5] The explanatory view showing the experimental device for evaluating the flow 
characteristics of a cross valve micro bulb using water. 

[Drawing 6] The graph which shows the property of a cross valve micro bulb of having dealt with 
water. 

[Description of Notations] 

1 Cross Valve Micro Bulb Equipment 

2 Cross Valve Micro Bulb 

3 One-way Valve Micro Bulb Unit 

5 Working-Fluid Chip 

6 Drive Fluid Chip 

7 Membrane 

8 Slot 

11 Slot 

1 2 Working-Fluid Passage 

1 3 Pressure Room 

14 Valve Seat 

15 Super-Thick-Film Photoresist 

16 Substrate 

Inl Inlet-port port 
In2 Inlet-port port 
Out Exit port 
CI Control port 
C2 Control port 
C3 Control port 



[Translation done.] 
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ne) (PDMS C (DB^itt»|C fcL^T 1^ i: ) ^fSffl L 
fc. 

[0 0 0 9] gjfi. >( ^ uy^WM<r>^W'kmm\t-t 
^tztbiz. PDMS0mmmmm^!K<^m^*ixi^ 

[o o 1 0] mMizmt>*ixi^^mmit 

(1) SSICiSA<J^fi£^^Tl^•i)P DMS5=••:/:^^■7-f 
(2) 3t^¥S4R-C.5vfc* L-C-7-f ^7Pi3iE»$B«^ 
[0 0 1 1] Sf^iSfiliP DMSro2-DCD!f#«SICckoT 

(->— ^Uf-l.) tztb\Z\t. P DMSOi^mt 

DMstj: am^cD^no^mizssmi^izmm-t^zi t *< 

P DMS-7-<^7PgitK5=^'V3^<t 1 tfe(Dy >^^>A^C>^iE 
ft?ei*P DMSp« >r^U>^»t5AMi P DMS-^'-vT^IC 

[0 0 12] Lf-A^-DTs cOT^B^cT)^-!'^ p/\;u::f^ 

B^(Dffi<DV'r">p/\';u7^gS(±. lgg6(DHfria-:^#v-< 
^ uii)\,-:}3.--j vmzt<.}\,:}^'!$.\zn\.'^xw&-t ^ :f- 
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> ^ Lx > L r t: ^mt ^ ^ 

> :f U S L riSISfll Jf$^ L . Hirte^'f 

mSBff*i^i:ffitE<^iiSgi*:a^<tl*«irSB;«' >:?U>^»E 
A/Tr^g LT y . HtrfBIE:^3^(cmr5BiEl!i;75«:a)l±:^3 $ 

/^;^:?^lSlcfct^r^^4■r >zfiy>t3<^mizmm l 

— h S t oiEKjjfiitmT 5^ 7 ^ -trXTK— h ^ t o 
tPTK— h <!: iiS L turn/ N';U t^MtlEir L ^TIEiJl3?l^t:<DI± 

l^|::fct^TB^IlBII:^IMtS^^IB<tKaSi*^iESi:lif^rfB> > 



o.-K/ h^mm-rhmzm!S.Ltz^-(<;n/<)\,ymm<D 

Lt:BlIIB*«±lcS$E/^^->^«^JSU. :;>ll-mife*ffi 
*4<»Bi$ttlSLBJriBSfE/\°^'->^fE¥ur. -^-cD^* 

©*f*4«i!i$«ti!i&LT. mm±izji>yiy>^mmL. 

'iiiz%m^Mmi''F"^zr<Dmmj±ti^t<mfS.^iixi^h 

(|iiro®$B*itB/\*;u:?MJta)BulB;< u>05^®ir:i^pl 

i£fi<]icjs«LxfifB> >yiy>^mm&m^ii>mm^ 

[0 0 1 3] 

■5, 

[0 0 14] c®H:^#V'f^'P/N*;u7fSgsi ttm^ 

^■^^^afiji^ya.--:/ h 3tt=^#v-r^? p/^;u:?2 

7^MH:^#V'r-i7P/^;UZJ^^Ml CD/OU3i^zL-<y htrfc 

-So cfl)^Bja)-:^#v-f ^7P/^;u:y3.^>:/ h3i*BtriB 
© J: -5 i==:&#^'f ^ p/^-iut^'^S 1 a>«)«Sfg-i?36S 
t (ttlc, mitT*-:&lRlf=lt©SiiK*t,•:^^rof6eBa)- 
7^#V'f p/N'/u7i^lim^1i/$-r * c t =fc prtg-c$)i)o 
JiiTir5i-rilJ£0'J-ei4«iS:^#^-i'<7PA;u::r^Si t 
LT=:*#^-f<7 P/N*JU3f|i«1 LTift^^LT 

33 «ia:&#-7'r<7P/<-;u^a.^-y htLT=:^#-7 

-1'-?P/<;i.:f 2^<5iJ*t LTiftB^LTLx^o 

[0 0 15] gi 1 (*aa:Lfc3-z>a>— :^#v-f p/<;u 
zfjL-'y K3^=fe,o=:;^#-7-<-i7P/<;u:?2*^-r-5 = 
^'P/N*;u::'^Si ^*LTU-5o =f5^^'i^ 

2-:>(D^'y::^icfillES4xTL^-5P DMSSlOpt >:yu>7 
tt^iUi>o h:^#v-<-^ p/s*;u:?^ai (*T#S<D3S*r 

3 0(D7^7-trX:^-H*. •(11:±. APtK— h (I n1 

-2) at/aiPTK-h (Out) tmtHho -t5. ig 

i!l3it{*:m^^-v::^6l-(t3oi©fiH8p;K— h (ci-3) 
61*. V'f-?PiDXT?SSflF?^/cgg$2 Sjum&i;? 0 
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[0 0 16] Hi Aa)A&i3<=y3^-7-(0a/<)l.y2^ 
n^Lrfcy. ^(Dffi*El7!)<El2l-*^^^TL^-So "Hi O 

-:^#-7-<'>oA;ur^a.- K 3 $*LTL\r. c4x?> 

[0 0 17] f^ll3Stf**^3gK 1 a^t^JBr-rSSOi/m 

h 3 >3^U>7 i:#ffil 4A<-> 

-'J >yLrwi:rL^4o *i-g|5o)igibsiE<*^mfti±A<$ii 
fflijK- hsi; 2 o o // m<isa)iE*s 1 3 ^ ^ L.r«^$ 
+1,, >>:?u>7^-*#-7-i'^7a/<;u:?j.--y h3^ 
Ba<:^|S]l::^14*-ti-'S)o I n 1 A^f>0 u t irM-S 

<lfii3iEl*ffiSS 1 2 h c 1 &t;c 3 iciiia#ic^ 

SlftEE*tt<&-r -5 C t »c J: ^rBaA^^^So 

[0 0 18] ;:Slc)a±©J:5l:::|g^**tfcH;^#v-i'^7 

jiiroLNTiftB^f-S, H:^r#v-f ■j7p/^;u:f^«ist/ 

fiES9S*&ICj:-oTM<t**l,5„ 7 0//ma)l±;fcl^1 

HM^* hU->X his (SU-8:Microche 
mttK. TjoJ:^) A<S«i 6CD±(cxe>n- h^F 

Sg/\*^f-l^$S3tL. ^«-r«. (04A) . 
ig<D^. tgiii*^<b-r-5fc«>»c. Jp+r-4^)-Hl sot 

T-!^A^4x, ^^tA^'i 1 ~2B#rBlAMtr^;g*r^;^$^t 

(R I E) titt! (S y s t emV 1 I SLR 
7 3 0/7 4 0 : P I a s m a - t h e r mttS!. U 
SA) 4'-C2»Pb1. ch F3:^^X-7|rJ: y S-^-lb^^t 

afiiyefeS. CH F3**;^Sgfi5 O s c cm, K^l 1 
eOmTorr, tt^200w. 

[0019]PDMS(Sylgard 184: D 
ow Co r n i n gttM. USA) (DT^S^jgj^^jt 
jS^«^-r«.S«i^ffifflLrS«-h«r;-£C (gl4B) . 
C;h,lcMLr6 S-C-ei B#ffl05l|1 +iTi:. 1 0 O^C 
T*1 B#re1CDm2=^3.T^-^^'So +0.7 $;h.f= P D M S 



7^— ;u*<3 4:. ^S/W ::^^fi6fflLT^-v7^l-/N°>^L 
rff^jS-r-S (^4C) o Jfcir, PDMSy>:?U>7l4 
tea)»!K±lc}^j,E$;h. (04 D) , oL^■CJ^^Tlc^-rlSr 

(1I4E) . WtoT. CH F3r^^X-7lCj;oTa^ 
^? *tfc 7 □ □ *-7t? »i ^ msE© -b ;^ ffl L -CS 

[0 0 2 0] P DMSfl)*S^jS?S/**«±lr3 0|J> 
FbI. 3 O O O r pmtrX t°>=J— hS^XTiSy, 
— rJ'^-ei 0 0°C. 1 Btrelro + iT— A^ISi: CS^tTL^ 
•Sp ^(D^SirLT. 2 5 A«mJia)->' >:?U>7A<ISP, 

•So :^3StM 1 O O s c c m. \5.-h 3 O O m T o r 

r&i;m*2 O OWo 

[002 1 ] ::''5Xv5^•v>/^•-A^f,l5ytt!Lfc^. 
f£*,lc. 2 0(»a®^Sftt*-t±. :t— T^^tt'-e 1 O 0°C 
-Q2.mmfi< (0 4 D) , 2 0(DSB*tli:^or3£6<J(c}gS 

fcS^SffiA^b»ilgfr'i)Ci:A<T'#-l> (04 E) „ 

5ttS U - 8 7^ hUvX h<»Il^A<2 5 ju m-efc-SjS 

•S o #l!)3it<*^TT -v 5 ttillSStt*:*^^ vZ^&t:f- 

[0 0 2 2] PDMsiiS^fc'A^&iiS^ts-a-ttfT"^ 

WmM. (VH-6 300 ; KEYEtt^. B*) tX- 

^x, P DMSlcfi^^tL-S (0 4 F) , 
[0 0 2 3] 

[0024] ^^M.-SLummi'^ 
ics^-r^M^fiEfflurifffiLfco 0 5(cfctNr. (a) 

SSg7tf>:^. (b. c) ltSU4^a.U-5«. (d-g) 

#li)=*#. (n) 7Kfflffih7-y::^, ( i ) H:*#7'f 
^D/N*;u::^. (j. k) $e7K$3E«Lfce^y3— 

[0 0 2 5] *$?ftl^jii^^fc»^:/^*;^:?J« 

(DA-5 D ; U LVAC^^HXtt, H*)(Zj:or 
ffi*&*;|x, 7X<7>q5t^ji<?fi/^7U:^<7)*ijep<D/c*;)lc2oa) 
(VR2 0 0-G : =i*'^-.-fttS8, Q 

KS-:*;a)±rplwa*i<7)t:o y #^(* 4 ocD = :^#^(^ffl 
■r'5c:i:iCcfcor?T5o =&7K— hF«9<DI±*iiPXX (tK 
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li bdf i U— --v(7>K l^ It -5 fc to(-l5(C - B jg 
(S*1m. rtSimm) l::SiK**lSo 

3.—yt(Dmo>wi.cm(D-m^<D^^m^Lxs.tip i n 

1. P I n 2^X%E.t^t£LtZo I n 1 t I n 2<7)i* 

[0 0 2 6] mm^m&umM 

gl6Alr*5t^T, 3g»ql$^0~7 OKP a■C?^^b■r'5 

(A) aS<*;U— S I n 1 -O u t ©Ffflffl^i*. I n 2 - 
O u t (D3ilt*;U— hlirai:t>ttTL^€)» (B)3lt^JU— 

h A<BBtt{Bl3 is It ^ ?R L ^iX^«^E^) l:: 7!=tf -& 3it a ^ . 
te^CD3!tt*:;U— h- I n 2-Ou t liBH i: C,*LTL^i»a 

(c) ^-*<gfWffi-efe^^:#0)?RL^ai«^• 
E:*lc«■r'5SS»^*•ro 

[0027] ff*PC2Sl/POUT(d:gll=;^$+L^J: 
ain-SlC'Sfc+iS, Ca)tt«(*3iEtt:;U— h I n 2-0 
u tt<mCXl^^t^(O^WJl'—h I n 1 -Ou trogS 

F5fl<7)*i!i$5%Lri.>*, ::(7)ffli^icit(5tA.mff^/iEi* 
««^^,+l,^^L^. ^s-r*vtf. c i at/c 3-^$«i8P$+i* 2 
0<0/<;U^a.:z.>v hA^6<CSgHf±U'i:r3<00 n -O f 

[0 0 2 8] 3o(D/<;u:73.- •> H±^ffii:i«f^ft±-5>A> 
t). C2-C3, C 1 -C 2©lffl^-&4TfrtS6 A(C^ 

-ron-of f t*i±ti^i:4#i4^i#o„ Fwmi±;titraii 

lfl«Slt?(D;l^•^(*«ltli^F:f^'^i:L^„ 

[0029] EI6B^C^>L^-C, E^J^^bA^ O ~ 3 O K P 

[ai] 

PC 1 =PC3=— 6 OKP a, PC2 = 0KPa 

(D-^lzm^^it^o :i<D&tsit^m^iS& I n 1 -Ou 
tt^ "m" IZL. 3iE<*358&I n 2-Ou t ^ "m" 1= 
■r^o l!6B|c^-r<fc5lr. SiEgliqRt^ii^E:^Dl=tt0lJ 

[0 0 3 0] ffli^^gie CA^tjIfff-r-Sc!:. 3it**:i£t5tR 
[!i3[2]RA=1. 6 5 K P a/ (// L/m i n) 

t^f-s. ll6Cl±JltB<i:[^l:Sl^lS^^^JtLrL^i)„ -r 

-<X(Dmmni—\-lzE.tl C-eOPa) ^A^Iti)Ci:lz 

^1-3SMq 1. q 2i*M-i^^ji y siMc/^^ x^x LrqRL> 

^A^Sl■S:^3iCJ±0lJLrL^-5. hi n 1 - O u t (D 

?JilSSJSlnRB<t;jitt*:;u— h I n 2 - O u t OTSitlKJStaRc 



It 

[S!l3l Rb=2. 2 4 KP a/ (// L/m i n) 
RC=2. 2 9 KP a/ L/m i n) 

[0 03 1] 

o = ^# -7 'f ^ □ / A<Mf^ $ tifc. - :;^#/ 

rr^n-y narorapsttT 8 0/imj:yt/jN$<. croc 

(Dv&^o m^s ccDFB^pg(*^4M^-t^•cD«^A^e.0D$^]ijti) 

Lt=o Z^ltPDMS^mmir^Ztizjz':>x-3!mttj: 
ofc4,(D-!?fc§o ?#l-. p DMS> :^:?u><D'^x/\u 
'<;U^K©«^j$ffiA<*3c))T-S)-i,Ci:A«ii^^F*l.fc„ PD 

e*jictts-ri)Ct*<t?#-i>(7)T% crofttgii^jf-^'f ^ 

[0 0 3 2] 

J:or, X^$Sfm^b-r-5)Ci:A<7?^§c 
[0 0 3 3] ^fc. ^SSrov-f^; n/^;i.:?zL-'> hT 

-y 1^ :^ U >lc P D M S -S C i: Trgp 

*^cD<ia-^*p-t+*§^(cL, gP*t<7)$g/h-(bt^*5-t±TV 
'f p/\*;u::^->XT^A(DffiSjtibA<piH6 1 ^ci)o v-f -> 

p/\*;u3^i-®b-r\ s-m^i^mm-mzmrnx'^^o 

[0 0 3 4] 

[HBWffi^^fUiB^] 

[SI] 3 0<7)-:^^zL- -v h-C-«JlE$;|x-g)H^#v-i' 

imz] Si AirfcltSAgpjfi*!!, 
[EI3] ll2lC^bMti)B-Bgpffi®l21, 

[04] =:^v-f <7a/<;u:ifzL-«:/ F-olSt^iSS^^r 

$ If ffif 4 46 O sit ^ ^ -r Ift 53 gl , 

[He] 7K^?sytS-3fc=:^#V'r'5' p/^;u:?05#tt^ 
[^■^roUiB^] 

1 H:^#v-f '>p/\;u::^gs 

2 =:^#-7'i'^7 py\';u:f 

3 -:^#v-i--j7 a/^;u:fj.- v h 
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